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 Abstract 
Preparation of biodegradable PHBV/Montmorillonite 
Nanocomposites and the analysis of their melt Rheology 
In this research, nanocomposites based on biodegradable 
poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid)(PHBV) and 
organically modified layered silicates(organoclay) were prepared by the melt- 
intercalation and the solution-mixing methods. Their structures and properties 
were characterized by X-ray diffraction, thermal analysis, mechanical analysis 
and rheological measurements. The PHBV/organoclay nanocomposites have 
been formed with intercalation structure that was assessed by X-ray 
diffraction.  
Thermal and mechanical properties of nanocomposites were analyzed by 
TGA and DMA, and the rheological properties were measured by plate-plate 
rheometer. The result indicated that the thermal decomposite temperature(Td) 
can be increased up to 10  relative to the virgin PHBV, and the dynamic ℃
storage modulus and the glass transition temperature(Tg) do not make much 
difference. The rheological measurements showed that the storage and the loss 
moduli were decreased with the increasing of the organoclay loading, which 
can be ascribed to the week interactions between PHBV and the organoclay. 
 
Key Word? montmorillonite? Nanocomposites?Melt intercalation?
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?????? 
1.1?? 
??????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????????????????????????????????
???????????????????? 1980 ?????????
??20,000 ??????????????????????????
????????????????????????????????
????????????????????????????????
????????????? 92? 1? 1?????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????????????????????????: 
 9
(1) ???: 
1. ???????????????????????????
???????????? 
2. ???????????????????????????
?:?????????????????????????
???????????????????????????
???????????????????????? 
(2) ????: 
????????????????????????????
????????????????????????????
??????????????????????????? 
(3) ??????: 
????????????????????????????
????????????????????????????
??????????????????;??????????
????????????????????????????
???????????????1? 
????????????????????????,?????
?????????????????????,???????????
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????????,????????????????,??????
???????????,????????????????????
????????????????????????????????
????????????????????????????????
????????? 
???????????????????2????????????
????????????????????????????????
????????????????????????????????
???Disperse Phase??????Continuous Phase?????????
??????????????????????Reinforced Part????
????????matrix?????????????????????
????????????????????????????????
?????????????????????3??????foam????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????4?????????????
????????????????????????????????
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?????????????1µm?????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????? 
????(nanometer.?? nm)? 10-9??1 ???? 10 ?????
????????????????????????????????
??????????????????????????? 
??????????????????????????????
????????????????(nanometer)???????? 1~20nm
??????????????????????????? 100nm?
????????????????????????????????
????????????????????????????????
?????????? 10%???????????????????
??????????????? 30%~40%????????????
???????????? 5~10?? 
?????????????????????????????
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????????????????????????????????
???/?????????(polymer layered silicate nanocomposite?PLS)
?5????????????????(???)????(???)????
????????????????????????????????
???????????????????(aspect ratio)???????
????????????????????????????????
????????(100nm×100nm×1nm)????? phyllosilicate???
mica?talc?montmorillonite?vermiculite?hectorite ? saponite ????
???????????????(montmorillonite)?????????
????????????????????????????/???
?????????????6?? 
(1) ???????? 
(2) ???????????????? 
(3) ????????????????? 
(4) ???????? 
(5) ?????? 
(6) ???????? 
(7) ??????? 
(8) ??????  
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???????/???????????????????????
????????????????????????????????
?/???????????????????? 
(1)?????(In situ polymerization)? 
(2)?????(Melt intercalation)? 
(3)????????(solution)? 
?????????????????/??????? PHBV????
??????????????????????? 
 
 
1.2???? 
??????????????????????????????
??”????”???,?????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????Polyhydroxybutyrate-co-hydroxyvalerate (PHBV)???????
????????????????????????????????
? PHBV ???????????????????????????
?????????????????????????????, ??
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??????????????????? PHBV ?????????
?????????????-??????? PHBV/Clay ?????
????????????????????????????????
????????? PHBV/Clay????????? XRD??????
????? TGA????????????????????????
?????? DMA ???????????? DSC????????
???? 
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???????? 
2.1???????????? 
??????????????????????????????
????????????????????????????????
(? 1974 ??)????????????????20?? 80 ????
????????????????? 1~100nm ??????????
????????????????????????????????
????????????????????????????????
???????????????????????????????
????????????????????????7?? 
?a? ?????????????????????????????
??? 
?b? ?????????????????????????????
?? 
?c? ?????????????????????????????
???? 
????????????????????????????????
?????????綫???????????????????????
????????????????????????????????
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????????????????????????????????
?????????????? 
?????? (nanocomposites)????? 1982? 1983 ??
Roy&Kaomarneni ???????2?????????????sol-gel??
?????????nanoheterogeneous???????????????
???????nanometer????????????????????
? 1?100nm ?????????????100nm?1000nm ?? micro
????micro phase separation?????????????? 1000nm?
? macro????macro phase separation??????????????
??????????? 1000??????????????????
????????????????????????????????
?????????????????????????? 
? 1959???????????????? Richard Feynman??
????????????????????????????????
????/???????????????????????????
??????????????????? 
???????????????????????7?? 
?????1990 ??????????????????????
??????????????(????)?????????????
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????????????????????????????????
?? 20?? 80?????????????????????????
???????????????????????????
(nanocrystalline or nanophase)??? 
?????1994 ??????????????????????
????????????????????????????????
???????(0-0 ??)????????????(0-3 ??)???
??????(0-2??)?????????????????????
???????????????????????????????
??? 
?????? 1994 ??????????(nanostructured 
assembling system)???????????????????????
?????????????????(patterning materials on the 
nanometer scal )????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?? 
 18
2.2 ??????????8? 
??????????????????????????????
????????? 2-1?????????????? 
? 2-1 ?????????? 
?       ? ?       ? 
???? 
‧ ???? 
‧ ?????? 
‧ ?????? 
‧ ?????????? 
‧ ??????????? 
‧ ?????????????
 
‧ ???????? 
‧ ???? 
‧ ????? 
‧ ??? 
‧ ????? 
‧ ??????? 
???????? ????? 
?????? 
‧ ?????? 
‧ ????????? 
‧ ?????? 
 
‧ ????? 
‧ ???????? 
‧ ????? 
????????????????? 
(1) ??? 
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????????????????????????????????
????????????????????????????????
???????????????? 2-2??????????????
???????????????????????? 
? 2-2 ?????????                        ???? 
???? Fe Ag Ni W Au Pt Cu 
Nanopowder(50nm) 300~400 60~80 200 1100 900 800 200 
Bulk 1536 960.8 1453 3380 1063 1769 1083 
 
(2) ????? 
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????? Pt????????????????2-2-3 ?????
????????? 
(3) ???? 
???????(10~100nm)???????????????????
????????????????????????????????
????????? TiO2????????????????????? 
(4) ?? 
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????????????????????????????????
????????????????????????????????
???????????????????????? Co-Cr?????
??? 10nmFe3O4 ???????????????????????
?? 
? 2-3 ????????????? 
??(nm) ????(cm2) ????(erg) ????/???
(%) 
5nm 8.54?107 1.88?1011 5.51 
10nm 4.27?107 9.40?1010 2.75 
100nm 4.27?106 9.40?109 0.275 
1?m 4.27?105 9.40?108 0.0275 
10?m 4.27?104 9.40?107 0.00275 
100?m 4.27?103 9.40?106 0.000275 
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2.3???/???????????? 
???/??????????????? 
(a) ?????(In situ polymerization)? 
????????????????????????????
????????????????????(spacing)????????
????????????????????????????????
????????????????????????????????
?????????????1987 ????????????????
?-????? 12-???????????????????? 6/???
?????????9~10??????????????????????
????????????????????????????????
???? Kato ????????????????????????
PS/Clay?????11??Lee?????? PMMA/Clay????????
??????? 1.7nm?12?? 
(b) ????????(solution) ? 
????????????????????????????
????????????????????(spacing)????????
????????????????????????????????
???G.X.CHEN ?????????????? PHBV/Clay ????
 22
???13?????????????2.3nm??????????????
Moet????MeCN????? PS/Clay?????14?????????
? 1.11g PS/1g Clay????????? 22000????? 2.45nm???
???????/Clay?????15???????????? 1.52nm? 
(C) ?????(Melt intercalation)? 
?????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????Benedicte L.??????????? poly(?
-caprolactone)/Clay???????16?????????????????
??????????Vaia ? Ginanelis ????????? PS/Clay ?
PEO/Clay???????17~18????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
???????Pinnavaia ?????????????/Clay ????
?19???????????????????? 
 23
2.4??????????? 
??????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
??????????????????? 
(1) ??????????? 
?????????????????????-????9?????
??????????????? R-Si(OCH3)3????????? R?
????????????-Si(OCH3)3 ??????????????
??????????? C-Si?????? 
(2) ??????????? 
???????????????????”?????”?20~21???
????????????????????????????????
????????????????????????????????
?????????????????????????? 
(3) ??????????? 
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??????????????????????????????
?????????????? 1nm ???????????????
????????????????????????????????
????????????????????????????????
?????? 
??????????????????????????????
??????????????????????????圖 2-1 ??
?/?????????? 
(1)??????(conventional composites)? 
????????????????????????????/?
????????????????????????????????
??? 
(2)???(???)??????(intercalated nanocomposites)? 
??????????????????????????????
???/ ?????????????????????????? 
(3)???(???)??????(exfoliated nanocomposites)? 
???????????????????????????????
????? 200Å????????????????????????
????????????????????? 
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? 2-1???/????????? 
2.5??????? 
 
2.5.1????????? 
????????Biodegradable Plastics????????????
????Green Plastics???????????Bio-Polymer???????1?? 
?1? ???????? 
?2? ?????????????????????????????
????????? 
?3? ????????????????????? 
?4? ???????????????? 
??????????????????????????: 
?1? ?????????ASTM?? 
?a? ????????????????????????? 
?b? ???????????????????????????
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??????????????????? 
?2? ??????????BPS?? 
?????????????????????????????
?????????? 
?3? ??????????????????? 
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
???????22?? 
2.5.2????????? 
??????????????????????????????
????????????2-2??????????????????
????????????????????????????????
????????????????????????????????
??????????????????????????????
????????????????????????????????
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????????(carboxyl group)???????????????
-COOH ?-OH ??????????????????????????
????????????????????????????????
???????????????????????????????
????????????????????,???????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
???????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????? 
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?
2-2 ??????? 
2.5.3????????? 
??????????????????(???)????????
???????23~25????????????????????? 80 ???
????????????????????????????????
????????????????????? 90 ?????????
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?? Novamont ????????????? Polycaprolactone ????
????????????????????????????????
??????????????????????????? 
??????????? 
    ?????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????????????? 
PHB ? Polyhydroxybutyrate ? ? PHBV
?Polyhydroxybutyrate-co-hydorxyvalerate?..?? 
???????????? 
    ??????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
 30
????????????????????????????????
????????????????????????????????
???????????????1.????????????????
??????????????2.?????????????????
????????????????????????????????
??? PCL(polycaprolactone)? PLA(polylactic acid)? PVA(polyvinyl 
alcohol)? 
???????????? 
    ??????????????????????????????
???????????????????????????????
????????????????????????????????
????????????????????????????????
?????????????(reserve carbohydrates)?????????
??????????????????(chitin)???????????
????????????????????????????????
????????????????????????????????
???????????? 
2.5.4 PHB? PHBV??? 
??????PHB???????-????????PHBV???
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? ? ? ? ? (Polyhydroxyalkanoates,PHA) ? ? ? ?
Polyhydroxyalkanoates(PHA)?? C?H?O?????????????
? hydroxyalkanoates(HAs)???? carboxyl group ????????
hydroxyl group? ester bond????? R configuration????????
C-3??position? alkyl group??????????????????
?26~30???? R group?????????????????????? 
??????? 3? 5? PHA??? short-chain-length PHA(HASCL)?
?????? 6? 16? PHA??? medium-chain-length PHA(HAMCL)?
?????? 17? 18? PHA??? long-chain-length PHA(HALCL)?31?? 
PHA???????? 
 
? R=?? (methyl)????????????????? (poly-?
-hydroxybutyrate)?R=??(ethyl)?????????????????
(poly-?-hydroxyvalerate)?R=???(n-propyl)????????????
????(poly-?-hydroxycaproate)?R=???(n-butyl)????????
?????????(poly-?-hydroxyheptanoate)??????32?? 
Polyhydroxybutyrate(PHB)??????? 1926?????????
????????????????????? 33 ?? PHB ??
Polyhydroxyalkanoates(PHA)??????????????????
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????? PHB????????????????????????
??????????? PHB?? Azotobacter vinelandil UED(Page and 
Knosp 1989)??? PHB?????????????????????
??????????????? 
PHB??????????? 23000~25000? 3-hydroxybutyric acid
????????PHB?????????? 
 
 
? PHB????????????????????????? 0.596 
nm????????????? 55~80%??????????
(polypropylene)???Tm ?? 180??PHB ????????????
???? ICI??????????????????????????
?????????????? 
Polyhydroxybutyrate-co-hydroxyvalerate (PHBV) ??????-??
??????? hydroxybutyrate(HB)? hydroxyvalerate(HV)????
?????????(Polyhydroxyalkanoates,PHA)????PHBV ???
????????????????????????????????
PHBV ??????????????????????????34???
???????? PHBV?? HV???? 0~90mole%?35???????
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????(PHV)?1993??Steinbuchel et. al.????????????
Chromobacterium violaceum???????? PHV?36??? PHBV???
???????????????????????(?-butyrolactone, BL)
? ? ? ? ? ( ? -valerolactone, VL) ? ? ? ? ?
triethylalumium/water(AlEt3/H2O)????????????37??PHBV ?
????? 
 
 
PHBV? PHB???????????? PHBV??????????
PHB?????? PHBV???? PHB??????? HV?????
??????????????38?? 
PHBV?????????????????????39?????-?
???(?-hydroxybutyric acid)??-????(?-hydroxyvalerate acid)??
????????????????????40??? HV ???????
??????????? pH??????? PHBV?????? 
PHBV ????????????????????? 41???
Gogolewski??? PHBV??????? LPLA???40??? PHBV??
???????????????????????????????
?????(fibrous capsule)??????????(collagen fibers)???
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????????????????????(collagen fibers)????
????????????????????????????????
???? PHBV ?????????????? 2-4   Properties of PP 
and PHAs?42?? 
 
 
? 2-4   Properties of PP and PHAs 
P(3HB-co-3HV) 
?? 
 
PP 
 
PHB 
9%HV 25%HV 
??(?) 171~186 171~182 162 137 
??????(?) -15? 5~10   
???(%) 65~70 65~80   
??(g/cm3) 0.905 1.24   
???(*105) 2.2~7 1~8   
????(Mpa) 39 40 37 30 
?????? ? ? ? ? 
????? ??? ??? ??? ??? 
 
2.5.5?????????????? 
??????????????????????????????
????? 
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1.????????(?????): 
?:???????????????????? 
2.???????: 
?:?????????????????? 
3.?????????: 
?:???????????? 
4.???????: 
?:??????????????. 
5.???????????: 
?:?????????????? 
6.???????????? 
  ??????????????????? 
????????????????????????????????
?? 
1.???: 
??????????(??????????????)???????
??????????????????????????????
??????????20~45 ??????? 90???? 
2.?????: 
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????????????????????????????????
?????????????????????????????? 4
??? 
3.?????: 
????????????????????????????????
?. 
??????????????????????????????
????????? 
??? 1993 ???? PE?PS?PP ?????? 900 ?????????
???????????? 90??????????????? 17~20 
????????? 
1997 ????????????????????????(???
?)? 
2000 ????????????????????(??:??????
?????????????????????)? 
????????????????(???????)??????
?????????????????????? 
????????????????????????????????
??????????????????????????????? 
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2.6??????????????????8? 
??????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
??????????????21????????????????
??????? 
???????????????? 
z ?????? 
??????????????????????????????
?????????????????????????????1996?
1997 ???????????????? 17 ??????? 8????
???6???????????????????????2-5 ???
?????????????? 
z ?????? 
??????????????????????????????
????????????????????????????????
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????????????????????????????????
????????????????????????????????
2-6? 
 
?2-5 ????????????? 
?? ?  ?  ?  ? 
?? ‧ 1985 ??? Yoshida????(Nano Mechanism)??? 
‧ 1992 ?????????????????????????
????? 
‧ 1993 ??????? Nanospace Lab ???????????
??? 
?? ??????????? 
?? ‧ 1992????????????????????? 
‧ ???????????????????????????
??? 81%?????? 19%???????????????
????????? 
?? ?????????????????????? 
? ?
?? 
‧ ????????????????????????????
??????????????1990 ?? 1991 ???????
????????????????????????????
?? 
‧ ??????????????????????????? 
?? ‧ ????????????????????????????
??????????????????????? 
‧ 1999 ? 2 ???????????????????????
???????????????????? 
‧ 1999 ? 5 ???????????2000-??????????
?????????????? 
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?2-6 ????????????? 
???? ???? ???? 
???? ‧ ????? 
‧ ????? 
‧ ???????????????
? 
‧ ?????????? 
???? ‧ ????? 
‧ MOVCD ? 
‧ ?????????? 
‧ ?????? 
???? ?????? ????????????????
???? ?????? ‧ ???????????????
‧ ??????????? 
???? ?????? ?????????? 
???? ?????? ????????????? 
???? ?????? ???????? 
???? ????? ??????????????? 
????
? 
‧ ???? 
‧ ????? 
‧ ?????????????? 
‧ ???????????????
?? 
??? ???????? ????????CMP ??? 
??? ?????? ‧ ????????? 
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???????? 
 
3.1??????????? 
??(Bentonite)???????????????????????
??????????????????(Kaolinite)???(Talcs)???
?(Calcite)???????????????(Montmorillonite)?????
????????????????????????????????
??????????Montmorillon????????????????
????????????????????????????????
????????????????????? 
??????????????????????????????
??? 0.9~1.2nm?????????? 10~100 ??????????
??????????????(Tertrahedral sheet)”T?”???????
?(Octahedral sheet)”O?”????43~44??????????????(unit 
cell)????????????????(???)???? 3-1 ????
?? 2: 1????????????????????????????
????????????????????????????
(isomorphic substitution)?????????????????????
????????????????????????????????
????????????????????????????????
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????????????????????????????????
?????????????????????????????(Cation 
Exchange Capaicty??? CEC?)?? 70?150 meq/100g???????
????????????????????????????????
???????????? 77meq/100g? 
 42
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 3-1?????????? 
 
??????????????????????????????
 
 
OH
OH
OH
T
O
T
OH
OH
OH
T
O
T
:oxygen
:silicon
:aluminum
OH :hydroxyl
Na +Na + Na +Na + Na +
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XRD ??????(001)??? 2θ=7.2o??????????????
??????????????? 0.1~10µm??????(aggregation)?
??????????45???????????????????????
????????????????????????????????
????????????????????????????????
?????????? 
??????????????????????????????
?????????????????????????(aspect ratio)?
???????(? 800m2/g)???????????????????
?????????????????????????????????
??????????????????????????????
(filler)????46~47???????????????????????-?
??????????????? 
3.2????? 
???????????????????????????? 
????????????????????????????????
????????1?m3???48~49??????????????????
????????????two phase???????????????
????????????????????????????????
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????????????????????????????????
????????????????????????????????
??????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????????50~51?? 
z ????????? 
  ?????????????????? 
(1) ????????????????????? 
(2) ????????????????????? 
??????????????????????????3-2? 
z ???? 
??????????????????????????????
????????????????????????????????
??????????52~54?? 
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?3-1 ??????? 
 
 
 
 46
3.3???????? 
?????????????????????????????-
????????????????????????????????
????????????????????????????????
????????(alkylammoniumions)-NH3+????????????
????????????????????????????????
?????55~57?? 
??????????????????????????????
????????????????????????????????
????Thomas J. Pinnavaia et al.?58?? CH3(CH2)xNH3+ (X=7?9?11?15?
17)??????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
???????????????????????????????
???????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
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??????????????? 3-2???????????????
??????????????????? 
 
 
 
 
 
 
? 3-2 ??????????a?????b??????c??? 
3.4X-ray?????59? 
X???????1912?W. L. Bragg?????????????
? X ?????????????????????????????
????????????????????????????????
???????????????????????????? 3-3? ?
??????????????????Bragg’s law?? 
Bragg’s law? 
nλ=2dsinθ      (n=1?2?3..???) 
?? λ???????d??????(interplaner spacing)?? θ? X?
????? 
 
 48
 
? 3-3 ??????? 
 
    ??????????????????????????????
X???????????????????????????????
????????????????????????????????
????????????????????????????????
???????? 3-4??? 
X-Ray???????????????????????????
??????????????????2θ? d???????????
?????????????????????? 100nm ??????
?????????(Peak Broaden Effect)??????????????
??? 
 49
 
? 3-4 XRD??????? 
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?????? 
4.1???? 
1. ??????(montmorillonite) 
????????????Pai Kong ceramic materials co.?PK-802?  
??????????????? 12.58Å????????(cation 
exchange capacity?CEC)? 77meq/100g? 
2. ????? ?Octadecylammonium?(OA) 
???ACROS 
???mp = 50 ~ 52 oC?bp = 232????=269.51g/mol??????
???? 
????CH3(CH2)17NH2 
3. Hexadecyltrimethylammonium chloride ?99%?(CTA) 
???ACROS 
??????=319.75g/mol????????? 
????CH3(CH2)15N+(CH3)3Cl- 
4. ??(hydrochloric acid) 
  ???ACROS 
????? 36.5%?mp=-25 oC?bp=85 oC???????? 
????HCl 
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5. ???(silver nitrate) 
???ACROS 
????AgNO3?0.1N????? Cl?????? 
6. ?????-????????  
poly?3-hydroxybutyric acid-co-hydroxyvaleric acid?PHV content 8wt% 
???ALDRICH 
???mp=162??Mw=600,000?Mn=160,000 
???? 
   
7. ???chloroform? 
   ???TEDIA 
   ????????????bp=61.2?????=119.5g/mol 
   ????CHCl3 
4.2???? 
1. ????  
???Risen CO., LTD. 
???RUD-30 
???????????????????????? 
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2. ????????Laboratory Mixing Molder,LMM? 
???ATLAS LMM 
????????????? 
??????? 
3. ?????  
??????????? 
???HT-8122B 
4. ??????? ?plate-and-plate rheometer?  
???Paar Physica ???? 
???Physica Rheolab MC-100??? ? EMK A-500? 
??? ? MP30 
????? 
5.  ??? 
???Retsch 
???ZM100 
6. ?????? 
??????? 
7. ?? X-ray???(Wide Angle X-ray Diffractometer) 
???Bruker(??) 
???D8A 
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????? 
8. ???????(Thermal Gravimetric Analysis?TGA) 
???TA Instruments 
???Hi-Res TGA 2950 
????? 
9.  ???????(Dynamic Mechanical Analysis?DMA) 
???TA Instruments 
???DMA2980 
????? 
10.  Differential scanning calorimetry ?DSC? 
???NETZSCH???? 
???DSC 200 
????? 
4.3??????????????? 
 
4.3.1??????? 
???????????????????????? 
Octadecylammonium (18-???),CH3(CH2)17NH2 
Hexadecyltrimethylammonium chloride,CH3(CH2)15N+(CH3)3Cl- 
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????????? 
???    ??CEC? ? ??(?) ? 0.001??????/?????? 
      ????? ? ?????????? 
?  ?    ?? CEC ? ? ??(?) ? 0.001?????? 37?/ ???
?? 
          ???? ? ???????? 
????? 20 ?????????????????????????
1000ml????? 80 oC?2??????? 4-1? 
??????????OA?? 3???12.45?????????????
????? 600ml????? 80 oC?1??? 
????????????????????? 80 oC?2??????
????????????????????? AgNO3 
?????? Cl????(??????) ????????? 
????????????????? 80 oC?2?? 
????????? XRD???????? λ=1.54A。????? 5 sec/step? 
0.01o/step????? 2o~10 o?? Bragg’s law????????????
?????????????? 4-2??? 
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4.3.2PHBV/Clay????????? 
z ?????? 
?? PHBV ??????????????????????????
???? 
?????????P1??? 165 oC??? 135rpm? P2??? 160 oC?
?? 50rpm????? 10?????????????? PHBV/??
?????????? 
z ????????? 
?PHBV????????????????????????????
????????????? 2 ??PHBV ??? 80???????
? 2??? 
????????? 2 ?????????????????????
PHBV/???????????? 
?????? PHBV/????????????????????
??????????????????????????? 50Kg/cm2?
???? 10?????????????????PHBV??????
????????? 4-3??? 
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? 4-1????????? 
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? 4-2??????????? 
 
?????? 
?? 2???80? 
???+????? 
?? 1???80? 
????????? 
???? 80???? 
XRD ?? 
 
??????? AgNO3?
??????? Cl? 
 
???? 2???? 80?
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4.4??????? 
??? PHBV??????????????????? PHBV/?
??????????? XRD?????????????TGA???
???????????????????????(Td)?DMA ???
??????????????? tanδ ??????????????
????????????????????????????????
??tanδ ???????????????????? Tg??????
????????????????????????????????
????????????????????????????????
??????DSC?????????????? Tm? 
 
¾ X-????(XRD)?? 
???????????????????????????????? 
????? 30kv??? 30mA? 
?2?????2.0o ~ 10.0o?5sec/step?0.01o/step? 
¾ ??????(TGA) 
????(? 9-11??)?????????????????? 
?10 oC/min??????? 600 oC????????????? 
¾ ??????(DMA) 
?? 35mm×5mm×1mm ?????????????????????
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??????????????? 
?5 oC /min????? 1Hz??-80??? 150oC??????????
??? 
¾ ?????????(DSC) 
??????????????????? 30 ~ 450??? 10?/min?
???? 10?????????????????? 
?????????????????????????(reference)??
???????(sample)?????? 30 ~ 200??? 10?/min???
?????????????????????????(background)? 
????????????????? 10????? DSC??????
??????????background?????? 
¾ ??????? 
???????????? 25mm???? 1.0mm?????????
??????????????????? 50Kgf/cm2??????
? 10??? 
?????????????????????????????? 
z ?????amplitude sweep? 
??????????????????????????????
???????????10?1/s??????? 1~10???????
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??????? 'G????????? 
z ?????frequency sweep? 
??????????????????????????????
????? 10(1/s)??? 0.01(1/s)??????????? 'G? "G ?
??????????? 
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? 4-3 PHBV?????????????? 
 
 
 
 
 
PHBV?????
? 80? 
OA-Clay????
?? 80? 
 
?????/??????  
?? PHBV/OA-Clay???? 
 
????????????? 
 
XRD 
 
TGA 
流變儀 
動態測試 
 
DMA
 
DSC 
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????????? 
??????????(?????)????????????
PHBV/Clay????????? XRD????????????????
????????????????????????????????
????????????? TGA?????????????????
???? DMA???????????? DSC ???????????? 
5.1 X-????(XRD)?? 
???????????????Octadecylammonium??????
?? 3??????????????? 5-1 ??????(OA-clay)?
?? PHBV/clay????? XRD?????????(OA-clay)????
????2?=2.7??????? 32.7 A(3.27nm)?? 1wt??3wt?? 5wt
?? OA-clay/PHBV ???????????? 2?=2.3???????
38.4 A(3.84nm)?????????????2???????????
?????? PHBV ???????????????????????
???????? X???????????????????????
???????????? 
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? ? ? ? ??
 
 
 oa-clay
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
in
te
ns
ity
2θ
 
? 5-1 ?????(OA-clay)??? PHBV/ OA-clay????? 
XRD??? 
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5.2?????? 
5.2.1 ???? 
PHBV/OA-clay????????????? 5-2? PHBV ?????
??????(OA-clay)????????? PHBV?PHBV/OA-clay
????????????????????????????????
????????????????????????????????
XRD?????????????(OA)???????????????
PHBV/OA-clay ???????????????(PHBV)????
(OA-clay)???????????????????????????
???????????????????????????????
PHBV/OA-clay ?????????????????????????
?????????????????? PHBV ???????????
??????????????????????????? 5-3 ?
PHBV/clay ? PHBV/OA-clay ???? ?????????
PHBV/clay?PHBV/OA-clay?????????????( PHBV??
???????) ??????????? PHBV/OA-clay ??????
???????? PHBV/OA-clay?????????????????
?????? PHBV/OA-clay???????????????????
????????????????????????????????
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??? 5-4 ??????????????????? PHBV/OA-clay?
?????????????????? PHBV/OA-clay???????
?????????????????? PHBV/OA-clay???????
????????????5-5?PHBV???????????(CTA-clay)
?????????????? CTA????????????????
??????????PHBV/CTA-clay???????????????
?????????????? 
???? ???
????
?????
??????
???????Amplitude-Sweep
 
 
T=165℃
 PHBV
 PHBV+OA-clay1%
 PHBV+OA-clay3%
 PHBV+OA-clay5%
 PHBV+OA-clay7%
G
'(p
a)
strain(1/s)
?
5-2 PHBV?????????????(OA-clay)??????? 
? 
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???? ???
????
?????
??????
???????Amplitude-Sweep
 
 
T=165℃
 PHBV (P1)
 PHBV+clay3% (P1)
 PHBV+oa-clay3% (P1)
G
"(
pa
)
strain(1/s)
 
? 5-3 ???????????? PHBV/clay???????? 
???? ???
????
?????
??????
???????Amplitude-Sweep
 
 
T=165℃
 PHBV+oa-clay3% (P1)
 PHBV+oa-clay5% (P1)
 PHBV+oa-clay7% (P1)
 PHBV+oa-clay3% (Sol)
 PHBV+oa-clay5% (Sol)
 PHBV+oa-clay7% (Sol)
G
'(p
a)
strain(1/s)
?
5-4 ?????????????? PHBV/OA-clay?????? 
? 
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???? ???
????
?????
??????
???????Amplitude-Sweep
?
? T=165℃
 PHBV
 PHBV+CTA-clay1%
 PHBV+CTA-clay3%
 PHBV+CTA-clay5%
 PHBV+CTA-clay7%
G
'(p
a)
strain(1/s)
 
? 5-5 PHBV???????????(CTA-clay)???????? 
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5.2.2???? 
??????????????????????????????
??????????????? 5-6?5-7 ?????????
PHBV/OA-clay?????????????(OA-clay)???????
????????????????????????????????
????????????????? PHBV/OA-clay????????
?????????? PHBV/OA-clay???????????????
???(end-tethered)????? 5-8?5-9 ??????????
PHBV/OA-clay?????????????(OA-clay)???????
????????????????? PHBV/OA-clay????????
????????????? 5-10?5-11 ?????????
PHBV/CTA-clay?????????????(CTA-clay)???????
????????? CTA???????????? PHBV /CTA-clay?
????????????????????????????????
??????????????????????? 
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??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 
T=165℃
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
G
'(p
a)
ω(1/s)
?
5-6???? OA-clay???????????(?????) 
??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 T=165℃
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
G
"(
pa
)
ω(1/s)
?
5-7 ???? OA-clay???????????(?????) 
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??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 T=165℃
 PHBV
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
G
'(p
a)
ω(1/s)
?
5-8 ???? OA-clay???????????(??????) 
??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 
T=165℃
 PHBV
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
G
"(
pa
)
ω(1/s)
?
5-9 ???? OA-clay???????????(??????) 
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??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 
T=165℃
 PHBV
 PHBV+CTA-clay1%
 PHBV+CTA-clay3%
 PHBV+CTA-clay5%
 PHBV+CTA-clay7%
G
'(p
a)
ω(1/s)
?
5-10 ???? CTA-clay???????????(?????) 
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??? ? ??
????
?????
??????
???????Frequency-Sweep
 
 
T=165℃
 PHBV
 PHBV+CTA-clay1%
 PHBV+CTA-clay3%
 PHBV+CTA-clay5%
 PHBV+CTA-clay7%
G
"(
pa
)
ω(1/s)
?
5-11 ???? CTA-clay???????????(?????) 
5.3 ??????(TGA)??? 
? 5-12?5-13 ? PHBV ???????????(OA-clay)? TGA?
?????? 5-12??????????????? 5-13 ??????
?????????(dw/dT)????????????????? PHBV
??????(Td)?? 279??? PHBV/OA-clay ????? Td ??
???? 10??????????? PHBV ?????????????
????????? PHBV/OA-clay????????????????
????????????????????????????????
????????????????????????????????
?????? PHBV ????????????? 
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??? ??? ??? ???
?
??
??
??
??
???
 
 
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
w
ei
gh
t(%
)
temperature( )℃
 
? 5-12 PHBV???????????(OA-clay)? TGA?????
(weight% V.S. temp.) 
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??? ??? ??? ???
?
?
?
?
?
 
 
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
dw
/d
T
temperature( )℃
 
? 5-13 PHBV???????????(OA-clay)? TGA????? 
(dw/dT V.S. temp.) 
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5.4 ???????(DMA)??? 
? DMA ?? 5-15 ?? tan? ????????? PHBV ?????
??(Tg)?? 21???? PHBV/OA-clay????? Tg??????
PHBV?????????? PHBV/OA-clay ????????????
PHBV(?? 5-14)??????????? PHBV ???????????
???Hasegawa??60?? ??????????????? PP-g-MA?
????(C18-Mont)????????????????? PP-g-MA/?
????????????? PP ???? PP/???????????
?? PP ????????????? PP ??? PP-g-MA ??????
???????????????????????????????
???????? 
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??? ? ?? ???
??
???
????
?????
?
?
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
St
or
ag
e 
M
od
ul
us
(M
Pa
)
Temperature( )℃
?
5-14  PHBV?????????????(OA-clay)? DMA?? 
????(Storage modulus V.S. temp.) 
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??? ? ?? ???
????
????
????
????
????
????
?
?
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
Ta
nδ
Temperature( )℃
 
? 5-15  PHBV?????????????(OA-clay)? DMA?? 
????(Tan? V.S. temp.) 
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5.5 ???????????(DSC) 
PHBV ???????????????????????????
???????? 5-16? PHBV ?????????????(OA-clay)
? DSC ?????????? PHBV ???(Tm)?? 152????????
??? PHBV/OA-clay????? Tm?????? PHBV????????
?? 1wt%?3wt%? 5wt%?????????????????????
OA-clay???? PHBV ?????????????????? 10??
?? 
?? ?? ?? ??? ??? ??? ??? ???
???
???
???
???
???
???
???
???
???
 
 
 PHBV
 PHBV+oa-clay1%
 PHBV+oa-clay3%
 PHBV+oa-clay5%
 PHBV+oa-clay7%
m
W
/m
g
T( )℃
?
5-16  PHBV?????????????(OA-clay)? DSC ?? 
????(mW/mg V.S. temp.) 
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?????? 
????? OA? CTA???????????????????
??? PHBV/??????????? XRD?????PHBV????
????????????????????????????????
??? PHBV?PHBV/OA-clay? PHBV/CTA-clay??????????
????????????????????????????????
????????????????????????????????
????????????? PHBV ???????????????
????????????????????? PHBV ?????TGA
????PHBV/OA-clay?????? Td???? 10????DMA??
???PHBV/OA-clay?????? Tg?? PHBV? Tg???????
???????????????????DSC ??????????
???????????????????? Tm??????? 
?????????????????????????????
PHBV/OA-clay ????????? XRD ?????????????
?????????????????????????? PHBV ??
??????????????????????????????? 
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